INTRODUCTION
Memory CD8+ T cells and natural killer (NK) cells are the largest contributors to the acute and transient lymphocytosis that occurs in peripheral blood during intensive exercise (6, 20, 36) . Largely driven by their relative high density cell surface expression of β2-adrenergic receptors that induce detachment from the vascular endothelium upon stimulation by catecholamines, the mobilisation of NK cell and CD8+ T cell subsets is considered to be an evolved mechanism that facilitates effector cell recruitment to sites of potential or ongoing injury (10). Built on findings from animal models and using an analogy of immune cells as "soldiers", it is proposed that naïve and central memory CD8+ T cells -which are slightly increased during exercise -traffic from the boulevards (i.e., "bloodstream") back to the "barracks" (i.e., the spleen, lymph nodes). On the other hand, tissue-specific memory CD8+ T cells -which mobilise to a larger extent during exercise -home to specific peripheral tissues (e.g., lungs, gut) to conduct immune-surveillance against potential pathogenic challenge. Finally, it is hypothesised that effector CD8+ T cells -which are mobilised to the greatest extent during exercise -are redeployed to "battlefield" sites of wound healing (e.g. in the skin) following acute exercise (9, 10). However, whether these highly cytotoxic effector NK and CD8+ T cells, which are selectively increased in an acute and transient manner by acute exercise, have the propensity to migrate to peripheral cutaneous sites remains unknown.
In support of this model, it has been demonstrated in murine models that exercise redeploys large numbers of T cells to the Peyer"s patches, lungs and bone marrow, reinforcing the idea that T cells are mobilised to sites of potential antigen encounter (i.e., lungs, gut), as well as to serve other important functions such as the provision of additional stimuli for
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haematopoiesis in the bone marrow (20) . However, the aforementioned study was unable to measure homing to cutaneous sites or areas of ongoing inflammation. It has been shown that T cells and NK cells do show increased infiltration into sites of experimental inflammation (i.e., subcutaneous implantation of a surgical sponge treated with the lymphocyte-specific chemokine lymphotactin) in mice 24 to 48 hours after acute psychological stress (40). However, it remains unclear whether this increased cell infiltration is driven by stress-induced effector cell redistribution, or other mechanisms occurring in the days after the acute stressor.
An approach that is commonly used to investigate lymphocyte homing propensity in humans is the assessment of cell surface adhesion molecule expression on cells; this approach can be used to reveal the probable trafficking patterns of cells mobilised into the bloodstream during exercise. For example, studies have shown that there is a selective influx of CD8+ memory cells into the bloodstream that exhibit lower levels of lymphoid homing markers such as CD62L and CCR7 (6) , thus providing evidence that exercise mobilises CD8+ T cells with a homing capacity for peripheral tissues. Further research has shown that these cells mobilised by exercise express adhesion molecules such as CD11a (15, 22) , CD11b (17, 18), VLA-4 (very late antigen-4) and LPAM-1 (lymphocyte Peyer"s patch adhesion molecule-1) (15), which enable migration to peripheral sites including the bone marrow (23), Peyer"s patches (43) and lungs (38). However, the aforementioned adhesion molecules cannot be used exclusively for identifying skin-homing potential and it remains uncertain whether exercise-responsive CD8+ T cells and NK cells have a skin-homing phenotype.
Cutaneous lymphocyte antigen (CLA) expression on lymphocytes can be used to determine whether lymphocytes preferentially mobilised during intensive exercise exhibit a homing phenotype for cutaneous sites. CLA is a specialised form of P-selectin glycoprotein ligand-1 (PSGL-1; CD162), a surface glycoprotein expressed constitutively on all human peripheral-blood T cells. After post-translational modification, PSGL-1 bears a Sialyl-Lewis X (sLe X ) moiety, termed CLA, which avidly binds CD62E (E-selectin), an adhesion molecule which initiates the transmigration cascade to the skin, and which is also upregulated during cutaneous inflammation (4, 27, 28, 32) . Thus, most T cells in both normal and diseased cutaneous sites are CLA+ (7, 29, 30) . In support, leukocyte infiltration to inflammatory sites can be largely inhibited by a CLA modifier (11). Taken together, analyses of CLA+ cell mobilisation can be used as proxy marker to reveal whether cells mobilised by exercise have the phenotypic capacity to migrate to "battlefield" sites in the skin (10).
The primary objective of this study was to investigate whether CD8+ T cells preferentially mobilised during intensive exercise stress exhibit a homing phenotype for cutaneous sites. To fulfil this objective, we investigated the number of CLA-positive cells among CD8+ T cell subsets, to establish the contribution of CLA-positive cells to the stepwise CD8+ lymphocytosis pattern previously observed in response to exercise (6) . We also extended the analyses of CLA+ and CLA− cells to NK cell populations -the largest responders to exercise stress (6) . The second objective of this study was to compare the magnitude of CD8+ T cell and NK cell mobilisation in response to continuous high-intensity exercise (continuous exercise) and high-intensity intermittent exercise (HIIE). HIIE is often referred to as High Intensity Interval
Training (HIIT) when repeated frequently over several weeks or months. This form of exercise
has received considerable attention as a short-duration and low-volume means of achieving similar health benefits to continuous exercise. Given the increasing health benefits that have been observed with HIIE, and although we have established in a prior report that CD8+ T cell and NK cell subset mobilisation is intensity dependent (6), the effects of HIIE on changes to these cell subsets remains unknown.
METHODS

Participants
Ten healthy males were recruited to take part in this study as previously described (41, 42). Peripheral blood mononuclear cells (PBMCs) were available from nine of the ten participants, and were isolated from blood samples collected before, immediately after, and 30 min after two different forms of exercise, described below. All nine participants (age: 22.1 ± 3.4 years; height: 180.5 ± 6.1 cm; weight: 78.1 ± 11.0 kg; body mass index: 24.0 ± 3.1 kg.m 2 ;
MAX : 43.8 ± 4.1 ml.kg.min −1 ) included in this study were non-smokers, and refrained from taking vitamin supplements and anti-inflammatory medication for fourteen days, and did not exercise and consume alcohol or caffeine for two days prior to experimental trials. All participants provided written informed consent and the study was approved by the Science, Technology,
Engineering and Mathematics Ethical Review Committee at University of Birmingham
(reference: ERN_12-0830).
Preliminary measurements
Height and weight were assessed using standard methods and cardiorespiratory fitness ( MAX ) was measured during an incremental exercise test on an electromagnetically braked and frozen at −1°C / min using a freezing container (Nalgene "Mr Frosty" Thermoscientific).
Cells were stored at −80°C and analysed within six months.
Flow cytometry
Samples were thawed rapidly at 37°C and washed twice in PBS containing 2% FCS and 2mM EDTA by centrifuging at 400 × g for 5 minutes. Cells were counted using a
haemocytometer and approximately 300,000 PBMCs were added to tubes for incubation with fluorescently conjugated antibodies to identify specific lymphocyte populations using eight- Bonferroni adjustments for multiple comparisons. Between trial differences at a given time point
were assessed by paired t-tests. Statistical significance was accepted at the p < .05 level.
RESULTS
All participants completed both the continuous exercise and HIIE tasks. Total energy expenditure was significantly higher after continuous exercise compared to HIIE (HIIE: 2.69 ± Similarly, total lymphocyte counts also increased (p < .05) from baseline after both the HIIE (1.83 ± 0.47 to 3.64 ± 1.46) and continuous exercise (1.91 ± 0.41 to 4.83 ± 1.33) conditions, with a larger mean change observed during continuous exercise, compared to HIIE, but these differences were not significant (p > .05). 30 min after each exercise condition, lymphocyte numbers between trials were similar (HIIE: 1.67 ± 0.37; continuous exercise: 1.84 ± 0.35) and had returned to pre-exercise levels (p > .05, compared to baseline). 
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Effects of HIIE and continuous exercise on the number of total CD3+ T cells and CD3+CD8+ T cells
Effects of HIIE and continuous exercise on the numbers of CLA+ and CLA− CD3+ T cells and CD3+CD8+ T cells
Approximately 14% of total CD3+ T cells were CLA+ at baseline, and despite an increase in the number of CLA+ CD3+ T cells during both exercise conditions (p < .05), the proportion of CLA+ CD3+ T cells decreased slightly during exercise due to a larger influx of CLA− CD3+ T cells (p = .05) (see Table 1 ). At 30 minutes post-exercise the number and proportion of CLA+ CD3+ T cells returned to pre-exercise values.
Approximately 9% of CD3+CD8+ T cells were CLA+ at baseline, and, in a similar manner to total CD3+ T cells, the number of CLA+ CD3+CD8+ T cells increased during both exercise conditions (p < .05), before returning to baseline levels at 30 minutes post-exercise (see Table 1 ). However, there was no change (p > .05) in the proportion of CLA+ CD3+CD8+ T cells post-exercise migration to cutaneous sites of wound healing or active inflammation (e.g., injured skin). We examined the number of CLA+ and CLA− cells because CLA avidly binds CD62E;
Effects of HIIE and continuous exercise on the numbers of NK cells, and CLA+ and CLA− cells within the NK cell subsets
CD62E is thought to be the primary initiator of routine CD8+ T cell transmigration to the skin, and is also central to T cell tethering to cytokine-activated endothelium at inflamed cutaneous sites (14). We found that exercise resulted in an increase in the number of memory CLA+ CD3+CD8+ T cells. However, the numerical contribution of CLA+ memory cells to exerciseinduced lymphocytosis was inferior to CLA− cells, and, as a consequence, the proportion of CLA+ cells amongst the total memory CD8+ T cell pool showed a decline during exercise.
Furthermore, the most exercise-sensitive subset (EMRA CD8+ T cells) were largely CLA−, suggesting that the most exercise-responsive T cell subset mobilised by exercise do not have a phenotype that would enable rapid transmigration to sites of active cutaneous inflammation. Similarly, exercise also redeploys T cells to the Peyer"s patches and bone marrow (19, 20) healthy and diseased populations that are similar or superior to traditional endurance-based exercise (16).
Although we found a trend whereby a greater mobilisation of lymphocytes was observed during continuous exercise compared to HIIE, these differences were not significant for the majority of lymphocyte subpopulations investigated. We found that CD56 NK cellsconventionally the most exercise responsive cells -were mobilised to a greater extent during continuous exercise compared to HIIE, a response that was driven by larger increases to CD56 dim NK cells. It may be that similar intensity-dependent effects would have been found for CD8+ T cells, and other subsets, if a larger group of participants had been tested.
A limitation of this study was that post-exercise blood samples were collected 30 minutes after exercise cessation, rather than after 60 minutes, when NK and CD8+ T cell lymphocytopenia is more pronounced (6, 39) . This was a consequence of practical and logistical constraints imposed by the broader study that was being undertaken (41). At 30 min postexercise, we found that all cell phenotypes were present in peripheral blood in similar numbers to pre-exercise levels. It would be of interest to investigate the contribution of CLA+ T cells to lymphocytopenia at later time points. An additional practical limitation was the cryopreservation of PBMCs, which may disproportionately affect the viability of some cell phenotypes -however this is unlikely to affect the within-subject model used in our study. A further consideration for future studies surrounds the ongoing debate over the optimal phenotyping of skin-homing CD8+ 
